Background: Adjuvant 5-fluoruracil-based chemotherapy significantly decreases mortality among patients with stage III colon cancer, but is less prescribed with rising age. We were interested in the pattern of adjuvant treatment and possible effects on survival among elderly patients. 
Introduction
The prognosis for elderly patients who have undergone resection of a stage III colon carcinoma remains relatively poor; the relative 5-year survival proportion of patients aged 65 years or older diagnosed between 1995 and 1999 in the south of the Netherlands was 30% [1] . Several trials have established 5-fluorouracil (5-FU)-based chemotherapy as the standard adjuvant treatment for patients with stage III disease [2 -5] . However, retrospective analyses showed such adjuvant chemotherapy to be administered less with increasing age. Also presence of comorbidity, higher refusal rates among elderly patients, hospital volume and socioeconomic factors are reported to influence administration of adjuvant chemotherapy [6 -9] .
Since the mid 1990s, administration of adjuvant chemotherapy has been recommended in Dutch treatment guidelines [10] . In order to evaluate adherence to these guidelines for elderly patients with stage III colon cancer in the south of the Netherlands, we determined the proportion of patients receiving adjuvant chemotherapy. We assessed factors associated with receipt of chemotherapy, and to what extent these factors were related to survival.
Patients and methods

Data collection
The Comprehensive Cancer Centre South (Eindhoven Cancer Registry) covers a large part of the south Netherlands with approximately 2.4 million inhabitants. This population-based registry is notified by six pathology departments, the hospital medical records offices in-at time of the study-15 community hospitals and two radiotherapy institutes. There are no university hospitals in the registry area. Registration takes place between 6 and 18 months after diagnosis. Despite the lack of access to death certificates, the infrastructure of, and good access to, Dutch health *Correspondence to: Mr V. E. P. P. Lemmens, IKZ, PO Box 231, 5600 AE Eindhoven, the Netherlands. Tel: +31-40-297-1616; Fax: +31-40-297-1610; E-mail: research@ikz.nl care facilities, together with the notification procedures used, have made it possible to establish cancer registries with a completeness exceeding 95% [11] .
Colon tumours were defined as C18.0-C18.7 according to ICD-O-3. All patients aged 65 years or older diagnosed in the period 1995-2001 who had been operated on for stage III colon adenocarcinoma were selected from the database of the Eindhoven Cancer Registry (n = 772). Only one patient older than 80 years received adjuvant chemotherapy. Therefore, we restricted our analyses to patients aged 65-79 (n = 577).
Trained registrars recorded the following patient characteristics: age at time of diagnosis, gender and serious comorbidity, the latter according to a slightly modified version of the Charlson classification (Table 1) [12] . Socioeconomic status (SES) of the patient was defined at neighbourhood level (based on postal code of residence area, 17 households on average) combining mean household income (in 1998) and mean value of the house/apartment (in 2000), derived from individual fiscal data made available at an aggregated level. Postal codes were assigned to three SES categories: low (1st-3rd decile), intermediate (4th-7th decile) and high (8th-10th decile). Postal codes of institutions, such as nursing homes, were assigned to a separate category and were excluded from the logistic regression and survival analysis (33 patients). These excluded patients had a median age of 76.5 years, compared to a median age of 72 years for the total study population.
The following tumour characteristics were recorded: tumour grade [low grade (well or moderately differentiated) versus high grade (poorly or undifferentiated tumours)], postoperative extent of disease (T1/T2, T3, T4), and lymph node involvement (N1, N2). The stage III patients were classified into three subgroups (IIIA, T1-2/N1; IIIB, T3-4/N1; IIIC, any T/N2) according to the International Union Against Cancer (UICC) TNM Classification of Malignant Tumours (sixth edition) [13] . The N3 designation, as used by prior editions of the UICC TNM classification of Malignant Tumours, was incorporated into the N1 or N2 categories according to the number of tumour-positive lymph nodes.
Adjuvant chemotherapy (yes versus no; information on type and dose was not available), year of diagnosis (periods 1995-1998 and 1999-2001) and hospital of surgery were also recorded. The independent influence of the patient and tumour characteristics on administration of adjuvant chemotherapy was evaluated by means of a logistic regression analysis (LOGISTIC procedure). A log rank test was used to compare 5-year survival proportions (LIFETEST procedure). Multivariable proportional hazards regression analysis (PHREG procedure) was used to discriminate independent risk factors for death. Since the numbers of patients treated with adjuvant chemotherapy were very low in some hospitals, we did not incorporate hospital of treatment in the logistic regression or survival analysis.
For all analyses the SAS/STATw statistical software (SAS system 8.2, SAS Institute, Cary, NC) was used.
Results
Among the 577 patients with stage III colon cancer aged 65-79, administration of adjuvant chemotherapy decreased with rising age (in 2001: 80% of patients aged 65 -69 versus 28% of patients aged 75 -79, P trend <0.0001) ( Table 2) . Overall, the proportion of elderly patients receiving adjuvant chemotherapy increased from 19% in 1995 to 50% in 2001 (P trend <0.0001). In all age groups, adjuvant chemotherapy was administered more often to males (P = 0.03) and patients with high grade tumours (P = 0.04). Chemotherapy was administered less often to patients with comorbidity (from 50% of patients without comorbidity to 33% of patients with two or more comorbid conditions, P trend = 0.0006) and to those with a lower SES (from 29% of patients with a low SES to 49% of patients with a high SES, P trend <0.0001). The proportion of patients who received adjuvant chemotherapy clearly increased between 1995 and 2001 (from 46% to 80% of patients aged 65 -69, P trend <0.0001; from 16% to 48% of patients aged 70 -74, P trend = 0.02; and from 5% to 28% of patients aged 75-79, P trend = 0.02). A large hospital variation in the administration of adjuvant therapy could be observed. This variation was not related to the size of the hospital. Twenty-three percent of the excluded institutionalised patients with a median age of 76.5 years received adjuvant chemotherapy. Among the excluded patients, females (21% versus 27% of male patients) and patients with comorbidity (16% versus 36% of patients without comorbidity) were less likely to receive adjuvant chemotherapy (results not shown).
In a multivariable logistic regression analysis, age independently influenced the odds of receiving adjuvant chemotherapy, as did comorbidity (Table 3) . Previous malignancies (mostly colorectal tumours) [odds ratio (OR) = 0.2, P = 0.001] and chronic obstructive pulmonary diseases (COPD) (OR 0.3, P = 0.03) in particular contributed to this effect. Females were significantly less likely to receive chemotherapy than males, while patients with a high SES were twice as likely to receive adjuvant treatment compared to patients with a low SES. Patients with a high grade tumour and patients with substage IIIB disease received chemotherapy more often. Patients In a proportional hazards regression analysis adjusting for age, gender, number of comorbid conditions, SES, substage, tumour grade and period of diagnosis, adjuvant chemotherapy was associated with a 50% lower mortality risk (hazard) than patients who did not receive adjuvant treatment (Table 4) . Patients aged 70 years or older exhibited a lower mortality risk than patients aged 65 -69 years. Survival was worse for patients with comorbidity (hazard ratio 1.4) and patients diagnosed with a more advanced substage (hazard ratio 1.8). Patients diagnosed more recently had a more favourable prognosis (hazard ratio 0.8). There was no significant difference in adjusted survival between males and females, SES categories and tumour grade.
Discussion
In our study of 577 patients with stage III colon cancer aged 65 -79 years we found that adjuvant chemotherapy was administered less often with increasing age. Also females, patients with comorbidity and patients with a low SES received adjuvant therapy less often. There was a clear rise in administration of chemotherapy between 1995 -1998 and 1999-2001, but a large inter-hospital variation remained.
Survival was better for patients receiving adjuvant chemotherapy, for patients aged 70 -79 years compared to 65 -69 years and for patients diagnosed more recently, and worse for patients with comorbidity or a more advanced substage. The lower probability of receiving adjuvant treatment for elderly patients with colon cancer had already been shown previously [6 -8, 14 -17] . The reason why these patients are less likely to receive adjuvant treatment is multifactorial. In addition to the presence of concomitant diseases, more patient refusal among the elderly, the absence of supportive caregivers, a decrease in the patients' general condition and cognitive abilities and especially frailty could result in lower chemotherapy rates [9, 18 -20] . Most of the available studies present evidence of tolerance and efficacy of chemotherapy among both selected and unselected elderly colon cancer patients [6, 7, 9, 21] , thus counteracting the persisting 'ageism' in colon cancer care. However, there are probably still uncertainties about the risk -benefit ratio of aggressive treatment, as is suggested by the observed inter-hospital variation.
The reported higher intolerance among females for 5-FUbased chemotherapy due to a lower level of dihydropyrimidine dehydrogenase, together with a higher refusal rate among elderly women, may partly be responsible for the finding that they were less likely to receive adjuvant treatment than men [8, 22, 23] . However, higher intolerance among females may have been overcome in most cases by alternative 5-FU doses or schedules, and the magnitude of the observed effect in our study seems too large to be explained by a higher refusal rate among elderly women.
In view of the good access to health care facilities and the Dutch health insurance system with a coverage of 99% [24] , our finding that patients with a low SES are two times less likely to be treated with adjuvant chemotherapy than patients with a high SES is remarkable. SES has previously been reported to influence adjuvant treatment of colorectal cancer patients [8, 9] , although the impact was much smaller than that observed in the present study. A possible explanation of the effect of SES on adjuvant treatment may be that patients with a higher SES have a more active behaviour, in terms of seeking more aggressive treatment or making and keeping appointments with specialists. SES could be associated with education as well, which might influence acceptance rates. Patients with a higher SES also have a more positive self-rated health [25, 26] , which in turn may affect treatment decision-making [27] . The institutionalised patients who were excluded from the analyses received adjuvant chemotherapy as often as the included patients with the same age and gender. As we do not expect that the average SES of nursing home residents differs significantly from the average SES of other patients, we consider the possible impact of excluding the 33 institutionalised patients to be relatively small.
Patients presenting with comorbidity received adjuvant chemotherapy less often, in agreement with previous retrospective studies [8, 9, 16, 17] . Few prospective studies have reported the effect of comorbidity on the safety and efficacy of chemotherapy and, as a result, few guidelines exist for patients with specific comorbid conditions. We do not have a clear explanation for our finding that patients with stage IIIB disease (T3 -4, N1) received adjuvant chemotherapy more often than patients with stage IIIC disease (any T, N2); perhaps these elderly patients with stage IIIC disease were considered to have a less favourable risk -benefit ratio regarding adjuvant treatment.
As reported in several other population-based studies, adjuvant chemotherapy had a marked independent prognostic impact [17, 21] . Due to the population-based nature of our data, we do not know the extent to which this positive prognostic impact was caused by selection of the 'fitter' patients for adjuvant chemotherapy, or by other factors associated with treatment allocation besides those controlled for in our analysis (e.g. performance status). Very likely, frail elderly less often receive adjuvant chemotherapy. The worse prognosis of these frail patients has probably biased the prognostic impact of adjuvant chemotherapy in the current study. This is supported by the fact that the survival difference between treated and non-treated patients was larger than found in randomised clinical trials [6] .
A possible explanation for the improved survival between 1995-1998 and 1999-2001 may be more accurate staging due to a more thorough search for positive lymph nodes by the pathologist, promoted by the presence of effective adjuvant treatment for lymph node-positive cancers [28] . Moreover, staging may also have been improved by a better identification of distant metastases.
Our finding that patients aged 70 or older had a better prognosis than patients aged 65-69 years is odd, but in line with the results of a large single-hospital study where patients with stage III colon cancer aged 65 years or older had an overall 5-year survival of 74%, compared to 54% for patients younger than 65 years [29] . A possible explanation for this finding might be a selection of the more robust individuals living long enough to develop colon cancer, or a potential decrease in aggressiveness of the tumour with rising age.
Data extraction from the patient's medical record is regarded as the most complete source of information on the patient's past and current health status [30] . Yet, performance status could not be included in our study, since this is not mentioned in the medical records routinely. Performance score and comorbidity are both predictive factors of treatment and survival for cancer patients, independent of each other [31, 32] . However, performance status is often amenable to the malignant disease and its treatment, in contrast to comorbidity.
Although the proportion of elderly patients with colon cancer receiving adjuvant chemotherapy is increasing, many elderly patients still do not receive or accept this treatment. Development of age-based guidelines and increased awareness among both physicians and patients through education is important to prevent undertreatment of (subgroups of) elderly patients who are eligible for chemotherapy. With decision making becoming more individualised with the rise of age, the use of a comprehensive geriatric assessment may be helpful in choosing the most adequate treatment for these patients.
